a2 United States Patent
Miiller et al.

US006929679B2

10y Patent No.: US 6,929,679 B2
5) Date of Patent: Aug. 16, 2005

(549) METHOD OF STORING, UPTAKING,
RELEASING OF GASES BY NOVEL
FRAMEWORK MATERIALS

(75) TInventors: Ulrich Miiller, Neustadt (DE); Klaus
Harth, Altleiningen (DE); Markus
Hélzle, Kirchheim (DE); Michael
Hesse, Worms (DE); Lisa Lobree,
Mannheim (DE); Wolfgang Harder,
Weinheim (DE); Omar M. Yaghi, Ann
Arbor, MI (US); Mohamed Eddaoudi,
Ann Arbor, MI (US)

(73) Assignees: BASF Aktiengesellschaft,
Ludwigshafen (DE); The Regents of
the University of Michigan, Ann
Arbor, MI (US)

otice: ubject to any disclaimer, the term of this

*) Noti Subj disclai h f thi
patent is extended or adjusted under 35
U.S.C. 154(b) by 487 days.

(21) Appl. No.: 10/061,147

(22) Filed: Feb. 1, 2002

(65) Prior Publication Data
US 2003/0148165 Al Aug. 7, 2003

(51) Int. CL7 oo, HO01M 8/04; F17C 11/00;
B01D 53/02

(52) US.CL oo, 95/90; 96/108; 206/0.7,
429/34; 502/526

(58) Field of Search ....................... 95/90, 116; 96/108;
206/0.7; 429/12, 34; 502/526; 556/1

(56) References Cited
U.S. PATENT DOCUMENTS

4,440,871 A * 4/1984 Loketal. ....cccceeeeeeeen. 502/214

5648508 A 7/1997 Yaghi

6,617,467 Bl 9/2003 Mueller et al.

6,624,318 Bl 9/2003 Mueller et al.

6,634,321 B2 * 10/2003 Hussain et al. ................ 123/3
2002/0096048 Al * 7/2002 Cooper et al. .........c...... 95/116
2004/0225134 Al * 11/2004 Yaghi et al.

FOREIGN PATENT DOCUMENTS

EP 0 727 608 8/1996
EP 0 790 253 8/1997
JpP 09-227572 A * 9/1997

OTHER PUBLICATIONS

S. Hynek, et al., Int. J. Hydrogen Energy, vol. 22, No. 6, pp.
601-610, “Hydrogen Storage by Carbon Sorption”, 1997.
J. A. Kerres, Journal of Membrane Science, vol. 185, pp.
3-27, “Development of lonomer Membranes for Fuel
Cells”, 2001.

N. Stath, et al., Materialstoday, vol. 4, pp. 20-24, “Opto-
electronic Device Substrates”, Jul./Aug. 2001.

R. T. Yang, Carbon, vol. 38, pp. 623-641, “Hydrogen
Storage By Alkali-Doped Carbon Nanotubes—Revisited”,
2000.

C. Liu, et al., Science, vol. 286, pp. 1127-1129, “Hydrogen
Storage in Single-Walled Carbon Nanotubes at Room Tem-
perature”, Nov. 5, 1999.

R. Dagani, Chemical & Engineering News, vol. 80, No. 3,
pp. 1-3, “Crystal Sponges”, Jan. 21, 2002.

B. Chen, et al., Science, vol. 291, pp. 1021-1023, “Inter-
woven Metal-Organic Framework on a Periodic Minimal
Surface With Extra—Large Pores”, Feb. 9, 2001.

M. Eddaoudj, et al., Topics in Catalysis, vol. 9, pp. 105-111,
“Design and Synthesis of Metal-Carboxylate Frameworks
With Permanent Microporosity”, 1999.

H. Li, et al., Nature, vol. 402, pp. 276-279, “Design and
Synthesis of an Exceptionally Stable and Highly Porous
Metal-Organic Framework”, Nov. 18, 1999.

M. O’Keeffe, et al., Journal of Solid State Chemistry, vol.
152, pp. 3-20, “Frameworks for Extended Solids: Geometri-
cal Design Principles”, 2000.

J. Kim, et al., J. Am. Chem. Soc., vol. 123, pp. 8239-8247,
“Assembly of Metal-Organic Frameworks From Large
Organic and Inorganic Secondary Building Units: New
Examples and Sumplifying Principles for Complex Struc-
tures”, 2001.

M. Eddaoudi, et al., Science, vol. 295, pp. 469-472, “Sys-
tematic Design of Pore Size and Functionality in Isoreticular
MOFs and Their Application in Methane Storage”, Jan. 18,
2002.

M. Eddaoudi, et al., Accounts of Chemical Research, vol.
34, No. 4, pp. 319-330, “Modular Chemistry: Secondary
Building Units as a Basis for the Design of Highly Porous
and Robust Metal-Organic Carboxylate Frameworks”,
2001.

* cited by examiner

Primary Examiner—Frank M. Lawrence
(74) Antorney, Agent, or Firm—Oblon, Spivak, McClelland,
Maier & Neustadt, P.C.

(7) ABSTRACT

The present invention relates to the technical field of storing
gas including methane and hydrogen, in particular to the fuel
cell technology. In particulars it relates to a method of using
a metallo-organic framework material comprising pores and
at least one metal ion and at least one at least bidentate
organic compound.
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